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10 PLASMODIUM VIVAX BLOOD STAGE ANTIGENS, 

ANTIBODIES, AND DIAGNOSTIC ASSAYS 

The U.Sv Government has rights in this: invention by 

virtue of Grant Nos / ROl Al 24710 from The National institutes of 

Health and DPE - 5 9 7?- A- 0 0-0006 Xrom the Agency for international 

15 Development. 

[3 SUBJECT AREA OF vINV^^ I ON 

It .^his^ln^^ to novel species -specific 

malarial polypeptides ^which are secreted into the pilasma of a 
10 susceptible inarnmaiian' host after infection, and to antibodies 
directed against those proteins. The polypeptides . and/or ariti- 
U bodies are utilized in, assays used to diagnose malaria, as well 
as to determine whether Plasmodium vivax is the species respon- 
■ % 2 sible for the infection, 
^5 

rg BACKGROUND OF THE INVENTION 

E3 Malaria is transmitted by the bite of the Anopheles 

mosquito. Minutes after infection, sporozoites (the mosquito- 
hosted stage of the malarial parasite) enter hepatocytes of the 
30 susceptible mammal where they multiply by schizogony and develop 
into merozoites. Rupture of the infected cells releases the 
merozoites. into the blood, where they enter erythrocytes to begin 
; r '. a ..phase of. ..asexual reproduction. - - During. -.acute infections/ 
* malarial parasite- protein ^antigens "are known to be released, 
35 accumulate, and circulate in the plasma of infected individuals 
(Wilson et al., The Lancet, July 26, 1969; Wilson et al . , Jnter- 
national Journal for Parasitology 3:511-520, 1973; Wilson et al . , 
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Parasitology, 71: -192; Wilson, Nature, 23BT451-452, ,1980) . 
The release of these antigens of parasitic origin can occur at 
the time that infected erythrocytes rupture to allow invasive 
merozoites to invade new red blood cells. The antigens that 
5 spill into the host plasma are those that have accumulated in the 
host cell cytoplasm and internal membranous structures. 

Additionally, release of antigen can occur during the 
intraerythrocytic growth of the parasite as it matures from the 
ring stage, the stage which invades the erythrocyte, through the 
10 trophozoite stage, and into schizogony when the parasite 
differentiates into merozoites.. .Release of antigens at this time 
involves transport of the protein from the parasite across the 
parasitophorous vacuole and its membrane, across the host cell 
cytoplasm to the infected erythrocyte membrane, and then secret - 
15 ion as an intact soluble protein into the plasma of . the host. 
^ One P. falciparum protein, PfHRP-2 (Histidine Rich Protein-2) has 
fS been described that follows this route of transport and is 
secreted into the culture supernatant or found in plasma (Wellems 
et al., Proc. Natl. Acad. Sci. USA, 83:6065-6069, 1986; Howard et 
[20 al., J. of Cell. Biol., 103:1269-1277 , 1986; Rock et al., 
S3 Parasitology, 55:209-227 , 1987; Panton et al., Mol. and Biochem. 
£3 Parasitology, 35:149-160, 1989). A search for HRP analogues in 
%J P. vivax using PfHRP gene probes and HRP-antisera gave only 
12 negative results (Rock et al M Parasitology, 95:209-227, 1987; J. 
£|5 Barnwell, unpublished results) . 

^ There is a need in the field for antibodies specific 

for a P. vivax blood stage protein in a diagnostic assay. The 
prior art assays based on antibodies specific * for blood stage 
proteins have been specific only for P. falciparum (Khusmith, 
30 Southeast Asian J Trop Med Public Health (THAILAND), 19:21-6, 
1988) or have involved the use of panspecies -specific antibodies, 
so no existing, assays are specific for P. vivax (Gao et al., 
Southeast Asian J Trop Med Public Health (THAIJ^AND) , 22:393-6, 
1991 and James, MA et al., American Society of Tropical Medicine 

.35 and Hygiene, Seattle, WA, Nov. 16-19, 1992, Abs . #135, pp. 145- 
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nHs latent liver stages, termed 



146) . P. vivax nSs latent liver stages, terWed hypnozoites, 
which are reactivated and reinitiate blood stage parasitemias. 
Hypnozoites are eliminated by treatment with primaquine, but are 
not affected by chloroquine, which acts only on blood stage 
5 parasites. As P. falciparum does not produce hypnozoites, it is 
important to identify correctly the Plasmodium species responsi- 
ble for infection in order to provide the appropriate course of 
chemotherapy for complete cure. The increased prevalence of drug 
resistant strains in certain species also makes it important to 
10 identify the species involved so correct chemotherapy can be 
given. Thus, there is a need for a method and reagents adapted, 
for differential diagnosis of P. vivax malaria. 

However, a number of criteria should be met by a 
particular protein antigen considered as a potential diagnostic 
15 target. First, it should be soluble and relatively stable and 
1% not rapidly degraded and/or rapidly removed from circulation, 
[n Second, the antigen should contain epitopes unique to a species 
l\ to allow specific diagnosis and preferably be well -conserved 
U within all or most isolates of a species. Additionally, it 
^0 should be relatively abundant to allow detection at low parasit- 
emia. As discussed below, the proteins of this invention fulfill 
C3 most or all of these requirements. 

LI SUMMARY OF THE INVENTION 

J;25 Secreted species -specific blood stage antigens have now 

been identified from a major human malaria parasite species, P. 
vivax. Two particular such proteins are designated P*. vivax 
Erythrocyte Secreted Protein- 1 (PvESP-1) and P. vivax Erythrocyte 
Secreted Protein- 2 (PvESP-2) . These antigens and fragments 

30 thereof have unique P. vivax- specific epitopes which permits 
their use in differential determination of P. vivax merozoites . 
Antibodies can be and have been elicited against unique epitopes 
of such P. vivax proteins and used in assays which not only 
diagnose malaria, but also selectively identify P. vivax as the* 

35 species having caused the infection. 
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DESCRIPTION OF TH^gRAWINGS 

Figs. 1A and IB are Western immunoblots of P. vivax 
trophozoite infected erythrocytes probed with antibodies specific 
for PvESP-1 and PvESP-2. They show that mAb 1D11.G10 reacts with 
5 a 225 KD protein, while mAb 3D4.E2 and 1A3.B4 react with a 70 KD 
protein. 

Figs. 2A and 2B are Western immunoblots of P. vivax 
infected erythrocytes and supernatant from cultures which were 
matured from ring stage to late- staged trophozoites in vitro. 
10 The blots are probed with mAbs specific for PvESP-1 (2A) and 
........ .BvE.SP- 2 (2B) . They show that. both. PvESP-1 ...and .. . RvESP!- 2 ^ are....-/...... . 

present in isolated infected erythrocytes and in the culture 
medium. 

Fig. 3A is a schematic representation of the P. vivax 
15 ESP-1 gene and structural features of the deduced protein. Fig. 
;!? 3B is a partial restriction map of the P. vivax ESP- 2 gene, 
[ft Fig. 4A is an immunoblot of P. vivax culture superna- 

y\ tants and plasma from P. vivax infected squirrel (Saimiri) 
ii monkeys. 4B is an immunoblot of multiple species of Plasmodium 

r 

Ly20 in multiple stages probed with PvESP-1 specific antibodies. 

*" Figs. 4C and 4D are immunoblots of plasma from individuals 

□ infected with P. falciparum, P. vivax or both, and also probed 

lf s with PvESP-1 specific antibodies. This group of figures shows 

\ Li 

XI the selective reaction of these antibodies with. P. vivax and with 

[325 proteins in the plasma of those infected with P. vivax. Similar 

r ~i 

fes5 results can be obtained with PvESP-2 antibodies using immunoblot 
procedures. (Example 5) Similar results for malaria specificity 
are also obtained for PvESP-1 or PvESP^2 antibodies on smears of 
different species of malaria parasites by indirect immunof luores- 
30 cence assay. I P A/& \Q 

Fig. 5 is the DNA sequence^ and deduced amino acid 
sequence of- P. vivax ESP-1 (a sequence listing is provided 
separately) . 
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Figs. B are the immunoelectror^Ricrographs of P. 

vivax infected erythrocytes probed with mAb 1D11.G10 and mAb 
3D4 . A2 , respectively. 

Figs. 7A and B are immunof luorescent assays of P. vivax 
infected erythrocytes reacted with . fluorescence -conjugated mAb 
1D11.G10 and mAb 3D4.A2, respectively. 



DETAILED DESCRIPTION OF THE INVENTION 

All U.S. patents and references referred to herein are 
10 hereby incorporated by reference in their entirety. In case of 
.. conflict, . the present disclosure , .controls. . ........ 

The following definitions apply to the terms as used in 
this application only and should not be construed to necessarily • 
apply to uses of the terms in other art. 
15 "Stringent conditions" are as defined by Southern et 

i al. in J. of Mol. Bio., 58:503 and as detailed in Maniatis, 
n Molecular Cloning: A Laboratory Manual, 2nd ed., Chapter 9, 
C^^^P 1989.^ 

ii "Immunoreactive fragment" means a fragment . of an 

i-pO antigen that is. recognized by an antibody raised against the 
y entire antigen. 

□ "Immunoreactive analog" means a polypeptide which 

1= differs from a naturally occurring or recombinant protein by the 
il substitution, deletion and/or addition of one or more amino acids 
□25 but which retains the ability to be recognized by an antibody 
raised against the entire protein.. A nonlimiting example is a 
carrier/antigen fusion polypeptide of the whole antigen or an 
immunoreactive fragment thereof, where the antigen or fragment 
can be embedded within the carrier polypeptide or linked to the 
30 carrier polypeptide at either end. 

"Detecting" means determining the presence (or absence) 
■or quantity of a substance (e.g. an antigen- antibody complex). 

: "Antibody" includes intact . antibody molecule or 
fragments thereof that recognize antigen (e.g. Fab or F(ab')2 
35 fragments) and can be of polyclonal or monoclonal type. 
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" EpitopS^means any antigenic detemlSfant responsible 
for .immunochemical binding with an antibody molecule. Epitopes 
usually reside within chemically active surface groupings of 
protein molecules (including amino acids and often also sugar 
5 side-chains) and have specific three-dimensional structural 
characteristics and specific charge characteristics. 

"Peptide Antigen" means a peptide, dipeptide, or 
polypeptide that can elicit (or react with) antibodies recogniz- 
ing a particular protein. 
10 The search for secreted blood stage antigens for P. 

vivax began by making monoclonal antibodies specific for bipod, 
stage parasites. As described in detail in Example 1, the mAbs 
were made by. conventional techniques through the fusion of spleen 
cells isolated from a mouse immunized with P. vivax infected red 
15 blood cells with mouse myeloma cells to produce mAb secreting 
^ hybridomas. Three of these mAbs were found to react with the P. 
fh vivax proteins described herein. These proteins have been shown 
to be synthesized by the. parasite by several criteria. First, 
i2 mAbs do not react with uninfected erythrocytes as shown by 
Ll20 control experiments and the specificity of the mAb for P. vivax, 
" described in Example 6. A reaction to all species would be seen 
p if the proteins were erythrocytic. Second, as seen by IFA and 
'lf a I EM, the mAbs do not react with uninfected erythrocytes which are 
LI present in the preparations. (See Figures 6 and.7) Third, the 
mAbs have been used to immunoprecipitate radiolabelled proteins 
from extracts qf parasites that have been biosynthetically 
labelled with 35 S -methionine . These results indicate that the 
mAbs recognize P. vivax proteins.. 

Specifically, mAb 1D11.G10 recognizes a P. vivax 
30 protein of approximately 225,000 daltons in size as judged by 
SDS-PAGE (Fig. 1A, lane 1), The hybridoma which produces mAb 
1D11.G10 has been deposited with th^. A T CO, , Deth eo4a-7 — MD, on 
2^ 1^1% and is Accession .Nov; ifff:ll?4£ .v:.-. -The: .protein recognized 
. by this mAb has been designated P. vivax. ESP-1 or PvESP-1. It is 
35 found in the culture supernatant when- intact infected eryth- 
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5^red in vitro for 10-24 hour^( 



rocytes are incub^red in vitro for 10-24 hourl^(Fig. 2A, lane 
labelled SUP) as well as supernatant collected from in vitro 
cultures of rupturing mature schizont infected red cells (lane 
labelled IRBC) . These data indicate that this protein is 
5 secreted. It is localized by immunof luorescent assay (IFA) and 
immuno- electron microscopy (IEM) to the erythrocyte membrahe of 
infected erythrocytes. (Figures 6A and 7A) 

mAbs 3D4.A2 and 1A3.B4 recognize a P. vivax protein of 
approximately 70,000 daltons in size as judged by SDS-PAGE (Fig. 
10 IB, lane, 1). The hybridomas which produces mAbs 3D4.A2 and 

_ 1A3.B4 have been deposited with the. ATCCT-a cthcoda , MD, on tAN 34 k If 

/ and are Accession Nos. ff*fi /134? and \\B>llBC[ , respectively. 
The protein recognized by these mAb has been designated P. vivax 
ESP -2 or PvESP-2. Like PvESP-1, PvESP-2 is found in the 
15 supernatants of in vitro cultured intact trophozoite- infected 
erythrocytes (Fig..2B, lane labelled SUP), and thus is a secreted 
tfi protein. The PvESP-2 protein is also found in culture superna- 
y\ tants collected after schizont- infected erythrocytes have 

11 ruptured and released merozoites (lane labelled IRBC) . The 
t£0 protein is localized by IFA and IEM to the caveola-vesicle 
^ complexes (CVC) of P. vivax infected erythrocytes. (Figures 6B 
p and 7B.) The CVC are membranous sac -like vesicles attached to 
2f_ and contiguous with areas of flask- shaped indentations called 

12 caveolae in the erythrocyte plasma membrane. 

£25 Polyclonal antibodies can also be produced, for 

hsi example, using isolated PvESP-1 and/or PvESP-2 or fragments 
thereof. General methodology for making such polyclonal 
antibodies is well-known in the art, and can be made using 
. protocols similar to that described in Pink et al. (Eur. J. 
30 Immunol. 4:426-429, 1974). 

The mAbs described above were used to screen a XZAP 
recombinant phage library of the P. vivax genome, although other 
equivalent P. vivax libraries could have been used. The prepa- 
ration of this library is described in Example 2. After indue— 
35 tion, mAb 1D11.G10 specifically recognized one plaque, designated 
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•L KB pl a S mid insert was 



PvMB3.3.1. The kB plasmid insert was isolated and se- 

quenced. The resulting sequence is SEQ ID No: 1. The nucleic 
acid sequence was analyzed for open reading frames (ORF) and the 
deduced amino acid sequence of the encoded protein was deter- 
5 mined. The amino acid sequence is SEQ ID No: 2. A schematic 
structure of the gene and features of the encoded protein is 
presented in Fig.- 3A. The gene appears to be missing a small 
portion of its 5' end. 

As shown in Figs . 3A and 5 , the deduced amino acid 

10 sequence has an initial (N- terminal) sequence of. hydrophobic 
amino acids. This is followed by a short . 139 base pair (bp) 
intron with typical malaria intervening sequence splice sites. 
There follows a 2964 bp ORF, ending in the TAA stop codon which 
is 53 bp before the end of the cloned 3.34 kB insert DNA. A 

15 protein having this deduced peptide sequence is hydrophilic with 
a low pi (3), consistent with a large proportion of glutamate 
(Glu or'E) residues in the deduced amino acid sequence. 

As indicated in the Figures, there are two sets of 
repeated amino acid units in the sequence. One^r^ea,^ uni^ is 

20 characterized by the sequence D (L/M) EAGEE (A/T) G. This sequence^ 
is repeated 7 times at the N- terminal end of the protein. The 
second repeat is located in, the C- terminal portion of the 
protein, has the sequence EEVEEV^, and is repeated 10 times. The 
hydrophobic amino acid sequence could potentially be, as judged 

25 by its computer analyzed hydrophobicity profile, a transmembrane 
domain, or a leader or signal peptide sequence, or act as both. 
Completion of the 5' gene sequence will shed more light on these 
possibilities, and is well within the skill of the art in light 
of the present disclosure. 

30 To determine the remainder of the gene sequence, the 

complete intact gene can be isolated and sequenced using a large 
DNA fragment, for example, in a Lambda replacement vector such as 
Lambda DASH (Stratagene, LaJolla, CA) or equivalent library using 
the insert as a probe. Methodology for this is provided by 

35 Galinski et al . (Cell, 69:1213-1226, 1992) or other similar 
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it^fcly, the 5' end could be i^^l 



methods. Alternately, the 5' end could be isOTated by the PCR 
amplification or other method of amplification of the cDNA using 
appropriate primers, for example, as described by Frohman et al . 
(Proc. Natl. Acad. Sci. USA, 85:8998-9002, 1988). 
5 The MB3.3.1 plasmid expresses in E. coli a large 

recombinant protein recognized by the mAb 11D.G10 in Western 
immunoblots. The topmost band recognized is approximately 205- 
•210 Kd in size, confirming that a small portion of the complete 
PvESP-1 gene remains unseguenced since the native protein 

10 migrates in SDS-PAGE at 225 Kd under identical conditions. This 
protein is easily isolated from the culture using well-known 
techniques (Maniatis, Molecular Cloning: A Laboratory Manual, 
2nd ed. , Chapter 18, 1989) . Mouse and rabbit, antisera generated 
by immunization with the 1D11.G10 affinity purified recombinant 

15 protein recognizes both the recombinant and native PvESP-1 

^ indicating that the recombinant phagmid MB3.3.1 authentically 

fS encodes PvESP-1. 

E n Screening of the \ZAPII expression libraries with the 

s2 mAB 3D4.E2 revealed one phage plaque recognized by antibody. 
[20 This. clone, PvMB2.5.1, was found to contain a plasmid having a 
3.7 kB insert. This plasmid has been deposited with the+f&ee-, 

12 Dethcoda, — MB*, on tAoyj^ having Accession No. A 

partial restriction map of the plasmid insert is depicted in Fig. 
3B. The sequence of this DNA is easily obtainable using, e.g., 
?|5 traditional nested deletion and subcloning techniques or using 
— : nucleic acid primers obtained by dideoxy sequencing of the insert 
(Maniatis, Molecular Cloning: A Laboratory Manual, 2nd ed.., 
Chapter 13, 1989) . 

The MB2.5.1 plasmid expresses a recombinant polypeptide 
30 of approximately 60 KD, which is easily isolated from the culture 
medium using standing protein isolation techniques (Maniatis, 
Molecular Cloning: A Laboratory Manual, 2nd ed., Chapter 18, 
.1989)". ■ The size of this protein suggests that, a portion of the 
coding region of this protein is not present in the insert, as" 
35 the native protein migrates under identical conditions in SDS- 
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c^^y 70 KD. The 60 KD polype^^d 



PAGE at approximalKy 70 KD. The 60 KD polypepWde is recognized 
by mAb 3D4.E2 in Western blots, indicating the recognized epitope 
is encoded by the insert. Additionally confirmation that plasmid 
MB 2.5.1 authentically encodes PvESP-2 can be done as for PvESP- 
5 I, by immunizing with recombinantly expressed antigen and using 
the antisera to determine if it recognizes native 70 kD PvESP-2. 

Both PvESP-1 and PvESP-2 are successfully expressed in 
E. coli and expression of these proteins in other systems, such 
as viral systems, other bacterial systems, yeast systems or 

10 mammalian cell culture, is also contemplated and is well within 
the skill of the art. Using such alternate expression systems 
may be preferred if glycosylation or other post- translational 
modification is desired. 

Purified native or recombinant peptide antigens of the 

15 present invention can be used in immunogenic preparation to raise 
additional antibodies. Such preparations will include 

immunogenically effective amounts of the present antigens as well 
as pharmaceutically acceptable vehicles, carriers, buffers, 
fillers adjuvants and/or diluents. 

20 Peptide antigens of the present invention can be 

purified by well-known chromatographic techniques. Examples 
include SDS or native PAGE gel elution, size exclusion gel 
filtration, anion/cation exchange, antibody affinity, protein 
binding to immobilized glutathione or MBP fusion partner binding 

25 to immobilized amylase, metal binding with a polyhistadine linker 
peptide after expression in a suitable plasmid vector and cell 
host, or combinations thereof. 

As is evident to one of ordinary skill, it is only 
certain portions or epitopes of the proteins which are recognized 

30 by Mabs. The portions of the protein (s) containing the relevant 
epitopes can be identified. Fragments of the gene can be 
subcloned into the appropriate reading^ frame of a plasmid 
expression vector and used . to transfect E. coli (or other . host 
system) and expressed by induction. Defined gene fragments can 

35 be generated using restriction enzymes with cutting sites within 
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i^^/ely, appropriate oligonuc^^: 



the gene.- Alternatively , appropriate oligonucleotide primers can 
be used in a PCR-based amplification reaction to engineer the DNA 
fragment to be subcloned into the plasmid expression vector. 
Once the expression vector is constructed, the recombinant 
5 immunoreactive fragments (or analogs, e.g. as a fusion polypep- 
tide) are expressed. The produced fragments are then reacted 
with antibodies as above in Western immunoblots, ELISA tests, or 
other immunochemical assay methods to determine which portion or 
portions of the protein specifically interact with the antibod- 
10 ies. These 'methods work well for defining relatively large or 
small regions of a protein to locate the corresponding epitope, 
and is effective in identifying conf ormation-dependent . (discon- 
tinuous) epitopes, or linear epitopes. An alternative method for 
identifying antigenic determinants is the use of overlapping 
15 synthetic peptides of 8-15 amino acids that correspond to the 
-r deduced amino acid sequence of the gene. Reactivity of these 
in peptides can be determined using ELISA-based assays, such as the 
^; methodology of Geysen et al. (Journal of Immunological Methods, 
iZ 102:259-21 A ,. 1987) or using commercial -based peptide synthesis 
IJ20 kits, i.e., Pepscan or Inimotope. (Cambridge Research Biochemi- 
'f cals, Valley stream, NY and Chiron, Emeryville, CA, respectively) 
□ This method is especially effective in determination of linear 
\f„ epitopes. 

u The detection of parasite antigens present in a 

1325 biological fluid (e.g. plasma), such as PvESP-1 and PvESP-2, can 
s=f constitute a method for the diagnosis of acute or chronic P. 
vivax malaria infections. To be useful, such an antigen should 
contain epitopes unique to the P. vivax species to allow specific 
diagnosis and differential diagnosis from other malarial 
30 infections, and should preferably be conserved within all or most 
isolates of that species (more than one antigens can be used to 
generate antibodies if necessary to accommodate strain varia- 
tions) . Either monoclonal antibodies or polyclonal antibodies 
could be used in the assay, with monoclonals preferred. The 
35 epitopes recognized by the monoclonal antibodies 1D11.G10 (anti- 
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.^^(anti-PvESP-2) are present^l 



PvESP- 1) and 3D4 .l^(anti- PvESP- 2 ) are present^!* all or most P. 
vivax so far tested (25/26 for 1D11.G10 and 26/26 for 3D4.E2). 
However, these antigens are not present in P. falciparum (Fig. 
4A, lane 3), P. malariae (lane 2), P. coatneyi (lane 4), p. 
knowlesi (lane 5), or P. berghei (lane 1). 1D11.G10 does cross- 
react with P. cyhomolgi (lane 6) , a simian malaria parasite very 
closely related to P. vivax (lane 7) , but never found to occur as 
a naturally acquired human malaria infection. The mAB 3D4.E2 in 
particular only recognizes P. vivax and thus far does so 100% of 
the time. Of course, any strain differences that may be encoun- 
tered may be accounted for in an assay by provision of additional 
appropriate antibodies, or by provision of antibodies directed to 
inter- strain conserved epitopes, which can be conveniently raised 
against recombinant versions of PvESP- 1 and PvESP- 2 as well as 
immunoreactive fragments and analogs thereof. 

The detected antigens are relatively stable in vivo; 
that is, they are not rapidly degraded and/or removed from 
circulation, PvESP-1 and PvESP-2 can be detected' by Western 
immunoblot in the plasma of squirrel {Saimiri) monkeys experi- 
mentally infected with P. vivax (Fig. 4A, lane 3) and in the 
plasma of humans from endemic areas that are infected with P. 
vivax (Figs. 4C, lanes 8-11 and 4D, lanes 5-7) . The antigens are 
not detected in plasma of individuals infected only with P. 
falciparum (Figs. 4C, lanes 3-7 and 4D, lanes 6 and 7) , the major 
human malaria parasite that must be differentiated from P. vivax. 
The squirrel monkey model closely approximates what would occur 
in naturally infected humans, but under more controlled condi- 
tions than that of work conducted in the field within endemic 
areas. In Saimiri monkey infections, the antigen can be detected 
with the present antibodies when there are 1000 parasites//xl 
blood. In humans, early acute infections are detected. Again, 
as is evident to one of ordinary skill, the- .isolation of the 
genes means that high- titer, high-affinity (e.g.,- of the order of 
10 10 liters/mol) antibodies can be produced using standard 
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ieWe antibodies will be used To 



methodology. The^e antibodies will be used To increase the 
sensitivity and specificity of the assay. 

Other serological assay formats based on antigen 
capture and a reporter signal have produced similar results as 
5 described above using mABs 3D4.1E2 and 1D11.G10. Based on these 
successes, it is anticipated that these mAbs or others "to be 
produced using the recombinant proteins or immunogenic fragments 
thereof can be adapted for use in immunoassay systems (using 
either labelled Abs or labelled antigens) well-known in the 
10 diagnostic testing art. 

All well-known methods of labelling antibodies are 
contemplated, including without limitation enzymatic conjugates, 
direct labelling with dye, radioisotopes, fluorescence, or 
particulate labels, such as liposome, latex, polystyrene, and 
15 colloid metals or nonmetals. Multiple antibody assay systems, 
^ such as antigen capture sandwich assays, are also within the 
==S scope of. this invention. Further, competitive immunoassays 
involving labelled protein or assays using the labelled protein 
t 2 to detect serum antibodies are also contemplated forms of the 
[20 diagnostic assays of the present invention. Beyond diagnostic 
ia? assays which occur in solution, assays which' involve immobilized 
q antibody or protein are also considered within the scope of the 
u invention. (See, for example, Miles et al., Lancet 2:492, 1968; 
\* Berry et al . , J. Virol. Met. 34:91-100, 1991; Engvall et al . , G. 

r 

C25 Immunochemistry, 8:871, 1971, Tom, Liposomes and Immunology, 
— Elsevier/ North Holland, New York, New York, 1980; Gribnau et 

al., J. of Chromatogr. 376:115-89 , 1986 and all references cited 

therein) . 

Examples of the types of labels which can be used in 
30 the present invention include, but are not limited to, enzymes, 
radioisotopes, fluorescent compounds, chemiluminescent compounds, 
bioluminescent compounds, particulates, and metal chelates. Those 
of ordinary skill in the art will know. of other suitable labels 
for binding to the monoclonal or polyclonal antibody (or to arr 
35 antigen) or will be able to ascertain the same by the use of 
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ion. Furthermore, the binding < 



routine experimentation. Furthermore, the binda^^ of these labels 
to the monoclonal or polyclonal antibody (or antigen) can be 
accomplished using standard techniques commonly known to those of 
ordinary skill in the art. 
5 One of the ways in which an assay reagent (generally, 

a monoclonal antibody, polyclonal antibody or antigen) o'f the 
present invention can be detectably labeled is by . linking, the 
monoclonal antibody, polyclonal antibody, or antigen to an 
enzyme. This enzyme, in turn, when later exposed to its sub- 
10 strate, will react with the substrate in such a manner as to 
produce a chemical moiety which can be .detected as, for example, 
by . spectrophotometry or fluorometric means. 

Examples of enzymes which can. be used to detectably 
label the reagents of the present invention include malate 
15 dehydrogenase, staphylococcal nuclease, delta- V- steroid isomer- 
*i ase, yeast alcohol dehydrogenase, alpha -glycerophosphate dehy- 
rS drogenase, triose phosphate isomerase, horseradish peroxidase, 
C n alkaline phosphatase, asparaginase, glucose oxidase, beta-galac- 
*l tosidase, ribonuclease, urease, catalase, glucose- VI -phosphate 
L-^O dehydrogenase, glucoamylase and acetylcholine esterase. 
hs * The presence of the detectably labeled reagent of the 

£3 present invention can also.be detected by labeling the reagent 
^3 with a radioactive isotope which can then be determined by such 
12 means as the use of a gamma counter or a scintillation counter. 
C325 Isotopes which are particularly useful for the purpose of the 
u present invention are 3 H, 125 I, 32 P, 35 S, l4 C, 51 Cr, 36 C1, 57 Co, 58 Co, 59 Fe 
and 75 Se. 

It is also . possible to detect the binding of the 
detectably labeled reagent of the present invention by labeling 
30 the monoclonal or polyclonal antibody with a fluorescent com- 
pound. When the f luoroescently labeled reagent is exposed to 
light of the proper wave length, : its: presence can then be 
detected due to the fluorescence .'of . :the dye; ; :Among the most 
commonly used fluorescent labelling compounds - \ are fluorescein 
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^^lodamine , phycoery thrir^^ 



isothiocyanate , ^Prhodamine , phycoery thrin^^ phycocyanin , 
allophycocyanin, o-phthaldehyde and f luorescamine . 

The reagents according to the invention also can be 
detectably labeled using fluorescent emitting metals such as 
5 152 Eu, or others of the lanthanide series. These metals can be 
attached to the reagent molecule using such metal chelating 
groups as diethylenetriaminepentaacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA) and salts thereof. 

The reagents of the present invention also can be 

10 detectably labeled by coupling it to a chemiluminescent compound. 
The presence of the chemiluminescent- tagged reagent is then 
determined by detecting the presence of luminescence that arises 
during the course of the chemical reaction. Examples of particu- 
larly useful chemiluminescent labeling compounds are luminol, 

15 isoluminol, theromatic acridinium ester, imidazole, acridinium 

j salt and oxalate ester. 

f ' Likewise, a bioluminescent compound may be used to 

1 label the reagent of the present invention. Bioluminescence is 
i a type of chemiluminescence found in biological systems in which 
20 a catalytic protein increases the efficiency of the chemilum- 
3 inescent reaction. The presence of a bioluminescent reagent is 
determined by detecting the presence of luminescence. Important 
3 bioluminescent compounds for purposes of labeling are luciferin, 
y lucif erase and aequorin. 

^5 Another technique, which may also result in greater 

3 sensitivity when used in conjunction with the present invention 
consists of coupling the monoclonal or polyclonal antibody of the 
present invention to low molecular weight haptens. The haptens 
can then be specifically detected by means of a second reaction. 

30 For example, it is common to use such haptens as biotin (reacting 
with avidin) or dinitrophenol , pyridoxal and f luorescamine 
(reacting with specif ic< antihapten antibodies) in this manner. 

Any biological ; sample, containing the detectable yet 
unknown amount of P. vivax specif ic blood- stage antigen can be 

35 used to assay. Normally, the sample is preferably a liquid, such 
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as, for example, ^jine, saliva, cerebrospinal ^fcd, blood, serum 
and the like, or a solid or semi-solid, such as, for example, 
tissue, feces and the like. 

It appears that 1D11.G10 may recognize a repeated 
5 epitope since it has been successfully used in a two- site antigen 
capture immunoassay using the same mAb for capture and an 
alkaline phosphatase labelled mAb or mAb conjugated to liposomes 
encapsulating a marker dye for the reporter antibody (Example 6) . 
Eleven of 15 plasma samples from P. vivax infected individuals 

10 were positive by alkaline phosphatase conjugated antibody. 
Thirteen of 15 samples were positive by liposome conjugated 
antibody. None of 18 P. falciparum infected plasma samples were 
positive. Therefore, antibodies to PvESP-1 and PvESP-2 appear 
quite effective when used in a diagnostic assay of P. vivax 

15 infection and further, such assays appear to specifically 

3 identify P. vivax infection. It is anticipated that assays based 
^ on mAb specific for particular epitopes and selected for their 
i\ high titer and/or affinity will serve to increase the specificity 

4 and sensitivity of the assay. 

]20 In general, increases in sensitivity are a development 

2 consideration and are achieved by optimization of all reagents, 
including the concentrations conjugated to reporter systems, 

i adsorbed to solid phase surfaces, specificity of the Abs, and 
y affinity of the Abs. These steps are routinely done a:nd evalu- 
25 ated during assay development and are well within the skill of 

3 those working in the art. 

As is evident to one of ordinary skill, the diagnostic 
assay of the present invention includes kit forms of such an 
assay. This kit would include anti-PvESP-1 and/or anti-PvESP-2 

30 monoclonal or polyclonal antibodies (raised against whole PvESP 
or immunoreactive fragments or analogs thereof) which can be 
optionally immobilized, as well as any necessary reagents and 
equipment to' prepiare the biological sample for and to conduct 
analysis, e.g. preservatives, reaction media such as nontoxiG 

35 buffers, microtiter plates, micropipettes , etc. The reagent (Abs 
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and/or antigens an be lyophilized or c5P^?reserved. As 
described above, depending on the assay format, the antibodies 
can be labelled, or the kit can further comprise labelled PvESP-l 
or PvESP-2 protein or fragments or analogs thereof containing the 
relevant epitopes . 

The types of immunoassays which can be incorporated in 
kit form are many. Typical examples of some of the immunoassays 
which can utilize the antibodies of the invention are radioimmu- 
noassays (RIA) and immunometric, or sandwich, immunoassays. 

" Immunometric assay" or "sandwich immunoassay" , 
includes simultaneous sandwich, forward sandwich and reverse 
sandwich immunoassays. These terms are well understood by those 
skilled in the art. Those of skill will also appreciate that the 
monoclonal antibodies, polyclonal antibodies and/or antigens of 
the present invention will be useful in other variations and 
forms of immunoassays which are presently known or which may be 
developed in the future. These are intended to be included within 
the scope of the present invention. 

In a forward sandwich immunoassay, a sample is first 
incubated with a solid phase immunoadsorbent containing mono- 
clonal or polyclonal antibody (ies) against the antigen. Incuba- 
tion is continued for a period of time sufficient to allow the 
antigen in the sample to bind to the immobilized antibody in the 
solid phase. After the first incubation, the solid phase immuno- 
adsorbent is separated from the incubation mixture and washed to 
remove, excess antigen and other interfering substances, such as 
non-specific binding proteins, which also may be present in the 
sample. Solid phase immunoadsorbent containing antigen bound to 
the immobilized antibody is subsequently incubated for a second 
time with soluble labeled antibody or antibodies. After the 
second incubation, another wash is performed to remove unbound 
labeled, antibody (ies). from the solid phase : immunoadsorbent and 
removing non-specif ically < bound labeled antibody ( ies) . Labeled 
antibody (ies) bound to the solid phase immunoadsorbent is then 
detected and the amount of labeled antibody detected serves as a 
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>i^P&e amount of antigen preseii^i 



direct measure oi^P&e amount of antigen presel^in the original 
sample. 

Alternatively, labeled antibody which is not associated 
with the immunoadsorbent complex can also be detected, in which 
5 case the measure is in inverse proportion to the amount of 
antigen present in the sample. Forward sandwich assays are 
described, for example, in U.S. Pat. Nos. 3,867,517; 4,012,294 
and 4,376, 110. 

In carrying out forward immunometric assays, the 
10 process may comprise, in more detail: (a) first forming a 
mixture of the sample with the solid phase bound antibody (ies) 
and incubating the mixture for a time and under conditions 
sufficient to allow antigen in the sample to bind to the solid 
phase bound antibody (ies) , (b) adding to the mixture after said 
15 incubation of step (a) the detectably labeled antibody or 
n antibodies and incubating the new resulting mixture for a time 
]j and under conditions sufficient to allow the labeled antibody to 
tf\ bind to the antigen- antibody complex on the solid phase immuno- 
N adsorbent; (c) separating the solid phase immunoadsorbent from 
\~20 the mixture after the incubation in step (b) ; and (d) detecting 
C3 either the labeled antibody or antibodies bound to the antigen- 
|L antibody complex on the solid phase immunoadsorbent or detecting 
q the antibody not associated therewith. 

j y In a reverse sandwich assay, the sample is initially 

f£5 incubated with labeled antibody (ies) , after which the solid phase 
Q immunoadsorbent containing multiple immobilized antibodies is 
added thereto, and a second incubation is carried out. The 
initial washing step of a forward sandwich assay is not required, 
although a wash is performed after the second incubation. 
30 Reverse sandwich assays have been described, for example, in U.S. 
Pat. Nos. 4,098,876 and 4,376,110. 

In carrying out reverse immunometric assays, the 
pr6cess=may comprise, .in more detail; (a) first forming a mixture 
of the sample with the soluble detectably labeled antibody for a 
35 time and under conditions sufficient to allow antigen in the 
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sample to bind to 



• 



labeled antibody; (b) ad< 




to the mixture 



after the incubation of step (a) the solid phase bound antibodies 



conditions sufficient to allow antigen bound to the labeled 
5 antibody to bind to the solid phase antibodies; (c) separating 
the solid phase immunoadsorbent from the incubating mixture 'after 
the incubation in step (b) ; and (d) detecting either the labeled 
antibody bound to the. solid phase immunoadsorbent or detecting 
the labeled antibody not associated therewith. 
10 In a simultaneous sandwich assay, the sample, the 

immunoadsorbent having multiple immobilized antibodies thereon 
and labeled soluble antibody or antibodies are incubated simul- 
taneously in one incubation step. The simultaneous assay re- 
quires only a single incubation and does not include washing 
15 steps. The use of a simultaneous assay is by far the preferred 
£3 one. This type of assay brings about ease of handling, homogene- 
H ity, reproducibility, and linearity of the assays and high 
[n precision. The sample containing antigen, solid phase immunoad- 
y sorbent with immobilized antibodies and labeled soluble antibody 
\20 or antibodies is incubated under conditions and for a period of 
□ time sufficient to allow antigen to bind to the immobilized 
JL antibodies and to the soluble antibody (ies) . In general, it is 
q desirable to provide incubation conditions sufficient to bind as 
much antigen as possible, since this maximizes the binding of 
: r 25 labeled antibody to the solid phase, thereby increasing the 
[3 signal. Typical conditions of time and temperature are two hours 
at 45°C, or twelve hours at 37°C. Antigen typically binds to 
labeled antibody more rapidly than to immobilized antibody, since 
the former is in solution whereas the latter is bound" to. the 
30 solid phase support. Because of this, labeled antibody may be 
employed in a lower concentration than immobilized antibody, and 
it is -also preferable to employ a high specific activity for 
labeled antibody. For example, labeled antibody might be em- 
ployed at a concentration of about 1-50 ng per assay, whereas. 
35 immobilized antibody might have a concentration of 10-500 ng per 



and incubating the new resulting mixture for a time and under 
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The labeled antibody migl^lfec 



assay per antibodj^F The labeled antibody mighlWiave a specific 
activity with, for instance, one radioiodine per molecule, or as 
high as two or more radioiodines per molecule of antibody. 

Of course, the specific concentrations of labeled and 
5 immobilized antibodies, the temperature and time of incubation as 
well as other assay conditions can be varied, depending on 
various factors including the concentration of antigen in the 
sample, the nature of the sample and the like. Those skilled in 
the art will be able to determine operative and optimal assay 
10 conditions for each determination by employing routine experi- 
mentation. 

After the single incubation period, the solid phase 
immunoadsorbent is removed from the incubation mixture. This can 
be accomplished by any of the known separation techniques, such 
15 as sedimentation and centrifugation. A washing step is not 
3 required prior to detection of bound labeled antibody. Detection 
f can be performed by a scintillation counter, for example, if the 
s label is a radioactive gamma -emitter, or by a fluorometer, for 
J example, if the label is a fluorescent material. In the case of 
20 an enzyme label, the detection can be done by calorimetric 
3 methods employing a substrate for the enzyme. 

^ In carrying out the simultaneous immunometric assay on 

3 a sample containing a multivalent antigen, the process may 
U comprise, in more detail: 

=?5 (a) simultaneously forming a mixture comprising the 

3 sample, together with the solid phase bound antibody and the 
soluble labeled antibody or antibodies; 

(b) incubating the mixture formed in step (a) for a 
time and under conditions sufficient to allow, antigen' in the 

30 sample to bind to both immobilized and labeled antibodies; 

(c) separating the solid phase immunoadsorbent from the 
incubation mixture after the incubation; and 

(d) detecting either labeled antibody bound to the 

- solid phase immunoadsorbent or detecting labeled antibody not- 
35 associated therewith. 
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steps as washing, stirring 




^shaking filter- 



ing and the like may of course be added to the assays, as is the 
custom or necessity for any particular situation. 



5 important that certain "blockers" be present in the incubation 
medium (usually added with the labeled soluble antibody) : The 
"blockers" are added to assure that non-specific proteins, 
protease, or human antibodies to mouse immunoglobulins present in 
the experimental sample do not cross -link or destroy the 
10 monoclonal or polyclonal antibodies on the solid phase support, 
or the radiolabeled indicator antibody, to yield false positive, 
or false negative results. The selection of "blockers" therefore 
adds substantially to the specificity of the assays described in 
the present invention. 
15 It has been found that a number of nonrelevant (i.e., 

£3 nonspecific) monoclonal or polyclonal antibodies of the same 
It class or subclass (isotype) as those used in the assays (e.g., 
m igGl, IgG 2a2, IgM, etc.) can be used as "blockers". The concen- 
^ tration of the "blockers" (normally 1- 100 , fig/ixl) is important, in 
[^20 order to maintain the proper sensitivity yet inhibit any unwanted 
S3 interference by mutually occurring cross reactive proteins in 
jU human serum. In addition, the buffer system containing the 
^3 "blockers" needs to be optimized. Preferred buffers are those 
f y based on weak organic acids, such as imidazole, HEPPS, MOPS, TES, 
fg25 ADA, ACES, HEPES, PIPES, TRIS, and the like, at physiological pH 
H ranges. Somewhat less preferred buffers are inorganic buffers 
such as phosphate, borate or carbonate. Finally, known protease 
inhibitors should be added (normally at 0.01-10 microns /ml) to 
the buffer which contains . the "blockers". 
30 There are many solid phase immunoadsorbents which have 

been employed and which can be used in the present invention. 
Well-known immunoadsorbents include nitrocellulose, glass, 
polystyrene, polypropylene, dextran, nylon and other materials; 
tubes, beads, and microtiter plates formed from or coated with 
35 such materials, and the like. The immobilized antibodies can be 



In the preferred mode for preforming the assays it is 



21 



m ■ • 

:3Pr or physically bound tokens 



either covalent JPF or physically bound to^Rie solid phase 
immunoadsorbent , by techniques such as covalent bonding via an 
amide or ester linkage, or by absorption. Those skilled in the 
art will know many other suitable solid phase immunoadsorbents 
5 and methods for immobilizing antibodies thereon, or will be able 
to ascertain such, using no more than routine experimentation. 

Details of the operation and practice of the present 
invention are set forth in the specific examples which follow. 
However, these examples are not to be interpreted as limiting the 
10 scope of the present invention. 

EXAMPLE 1: Method of Making the Monoclonal Antibodies 
Specific for PvESP-1 and PvESP-2 

Balb/c mice were immunized intraperitoneally with 5 x 

15 10 8 purified P. vivax (of the Belem strain infected red blood 
cells (IRBC) in complete Freud's adjuvant. Immunization was re- 
peated at 2 and 7 weeks using incomplete Freund's adjuvant and 
finally at 14 weeks without adjuvant. 3 days later, spleen cells 
from the immunized mouse were fused with myeloma cell line NY- FOX 

20 (Hyclone, Utah; Taggart, Science, 219 : 1228 -1230 , 1983) according 
to the basic method of Galfre et al. (Mature, 266:550-552, 1977) . 
Cells were plated directly into microtiter wells and cultured 
(Rener et al * , Proc. Natl. Acad. Sci. USA, 77:6797 -6799 , 1980) 
such that 1 to 2 weeks later, 1 or more hybrid colonies were 

25 observed in all wells. Culture supernatants were collected and 
screened by immunofluorescence assay using smears of P. vivax 
infected blood that also contained normal red blood cells. Those 
cells producing antibodies which selectively reacted with IRBCs 
were expanded and cryopreserved. Secondary screening was 

30 performed by SDS-PAGE with hybridoma culture supernatants from 
expanded cultures that had been obtained by centrifugation. 
Those mAbs which reacted with P. vivax blood stage extracts and 
:.cul.ture* {-supernatants ... . (prepared: . = essentially as described in 
Galinski et al . , Cell, 69:1213-1226, .1992) were selected for 
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further study. Traree such mAbs are designated^ODll .G10, 3.D4.A2, 
and 1A3 . B4 . 



EXAMPLE 2: Screening of P. vivax XZAPII 
5 Expression Library with the mAbs 

P. vivax genomic DNA was isolated and digested with 

mung bean nuclease (U.S. Biochemical) following the procedures of 

Vernick et al . (Nucl. Acids Res., 26:6883-6896, 1988) and as 

modified by Galinski et al . (supra) Specifically, the DNA was 

10 digested with 42.5-45% formamide. The digested DNA was ligated 
into the XZAPII vector (Stratagene, LaJolla, CA) and the result- 
ing phage were used to infect E. coli. Expression was induced by 
growth on IPTG (isopropylthio-/J-D-galactoside) containing 
nitrocellulose plates overlaying the agar plates, and the result - 

15 ing plaques were screened with the mAbs using standard immuno- 
detection methods (see, for example, Maniatis, Molecular Cloning: 
A Laboratory Manual, 2nd ed. , Chapter 12, 1989). 

After screening approximately 3xl0 5 recombinant 
plaques, mAb 1D11.G10 specifically recognized one recombinant 

20 phage plaque. This phage clone, PvMB3.3.1 was purified, and in 
vivo excised with the aid of helper phage R408 (Stratagene, 
LaJolla, CA) to yield the clone as a pBluescript plasmid retain- 
ing the recombinant DNA as a 3.34 kb insert (Short et al . , 
Nucleic Acids Res. , 16:7583, 1988). 

25 After screening approximately 4xl0 5 plaques, mAb 3D4.E2 

also revealed one phage plaque recognized by the antibody. This 
clone, PvMB2.5.1 was plaque purified and in vivo excised, as 
above, to yield a pBluescript plasmid containing the 3.7 kb DNA 
insert. 

30 

EXAMPLE 3 : Expression of the cloned 
proteins in E. coli 

The isolated pBluescript plasmids were transformed into 

E. coli and expression was induced by growth in the presence of 

35 IPTG using standard methodology (Maniatis, Molecular Cloning: A 
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Laboratory Manual^* nd ecL , Chapter 1, 1989). Proteins produced 
by the cultures were isolated, separated on a gel, blotted and 
probed using standard techniques (Maniatis, Molecular Cloning: A 
Laboratory Manual, 2nd ed. , Chapter 18, 1989). Probing. the blot 
5 of PvMB3.3.1 with 1D11.G10 revealed multiple bands, the largest 
of which was 205-210 kD. Probing the blot of PvMB2 . 5.1 revealed 
a 60 kD band. These results indicate that the cloned inserts 
encode the epitopes recognized by these mAbs . " 



10 EXAMPLE 4: Sequencing of the Pv3.3.1 insert 

The insert was directly sequenced from the pBluescript 
excision plasmid. Nested deletions of l00-300bp intervals were 
created using exonuclease III and mung bean nuclease (U.S. 
Biochemical, Cleveland, Ohio) and standard methodology. DNA 

15 sequences were generated using the dideoxy termination method 

r ~s 

h z sequencing methodology (Sanger et al . , Proc. Natl. Acad. Sci . 
In USA, 74:5463-5467 , 1977). The entire PvESP-1 gene was sequenced 
*\ on both DNA strands, and is SEQ ID No : 1. The deduced protein 
sequence (SEQ ID No : 2) was analyzed using Pustell and MacVector 
IU20 software programs (IBI) . GenBank (release 70) and the Swiss 
" Protein Data Bank (release 20) were screened for DNA and protein 
ll sequence homologies using the GCG Sequence Analysis Software 
lf z Package, Version 7.0 (Genetics Computer Group, Inc.). 

z Ls 
[,£ 

U25 EXAMPLE 5: Cross -reactivity Test with 
C3 Other Plasmodium Species 

Figure 4A was produced as follows. P. vivax trophozo- 

ite-infected erythrocytes (2xl0 4 ) , 25/zl of supernatants from P. 

vivax trophozoite and rupturing schizont- infected red blood cell 

30 cultures, and 20/xl of a 1:10 dilution of P. vivax infected 
Saimiri monkey plasma were mixed with sample buffer and electro- 
phoresed on an SDS-PAGE gel. The gel was electrophoretically 
transferred to 0.2 /an nitrocellulose (NC) by Western blot 
(Towbin, H. et al . , Proc. Natl. Acad. Sci. USA, 75:4350, 1979) r 

35 The NC was blocked with 3% non-fat dry milk and probed with mAb 
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n TBS. The blot was wasl^^^i 



1D11.G10 at 2 mg/mWin TBS. The blot was wash^^ with TBS/0.05% 
tween 20 and reprobed with alkaline phosphatase conjugated anti- 
mouse IgG (Promega, Madison, Wisconsin) and developed with P- 
nitroblue tetrazolium chloride/ 5 -bromo- 4 ^ chloro- 3 indolyl 
5 phosphate (U.S. Biochemicals , Cleveland, Ohio). 

Fig. 4B. was produced as follows. P. vivax IRBC were 
acquired from infected Saimiri monkey, P. cynomolgi (M strain) 
IRBC was from infected Rhesus monkeys, P. knowlesi IRBC were 
Saimiri monkey, P. coatneyi IRBC were from Rhesus monkeys, P. 
10 falciparum from human rbc in in vitro culture, P. malariae from 
infected Aotus monkeys, and P. berghei from infected rats. SDS- 
PAGE and nitrocellulose transfer were done as above with lxlO 5 
parasites/lane dissolved in SDS-PAGE sample buffer. Indirect 
immunofluorescence assay was performed by making smears of IRBC 
15 on slides and reacting 1D11.G10 or 3D4.E2 with smears and using 
« s FITC conjugated goat ant i -mouse IgG as secondary antibody with 
S the same results as Western blot. 

U These results show that there is no cross -reactivity 

^ with other malarial species. 

=£0 

J EXAMPLE 6: Diagnostic Assay using Alkaline 

Phosphatase and liposome conjugated mAb 

=j Unlabelled mAb is absorbed to nitrocellulose sheets 

U (5/xm average pore size) at 5mg Ab/ml in PBS. The sheet is washed 
125 and blocked with 3% non-fat dry milk in TBS. The sheet is 
3 layered on an ELISA apparatus (Pierce) and a 96-well plexiglass 
top (like a slot blot apparatus) is secured in place over the 
nitrocellulose sheet. Diluted plasma (l:10-100/xl) samples are 
applied to the wells and drawn through the nitrocellulose by 
30 vacuum. The wells are washed by vacuum and mAb 1D11.G10 conju- 
gated to alkaline phosphatase is applied to the wells. Alkaline 
phosphatase conjugation was accomplished by the glutaraldehyde 
method of Avrameas ( Immunochemistry, 6: 43, 1967). The alkaline 
phosphatase conjugated mAb is pulled through the nitrocellulose, 
'35 by vacuum, the wells are washed, and then the developer sub- 
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El^tre added to and pulled flBFc 



strates NBT-BCll^Ire added to and pulled tUFough the wells. 
Positive reactions are assessed by the appearance of a purple- 
violet to blue-black precipitate forming in the wells at the 
surface of the nitrocellulose. Eleven of the 15 plasma samples 
5 from P. vivax individuals were positive using the alkaline 
phosphatase conjugated mAblDll.GlO. All samples were assessed 
for infection with P. vivax, P. falciparum, or both, by Giemsa- 
stained thick films of blood samples. False positives thus, 
would show a positive reaction, but would be negative for P. 

10 vivax parasites in thick films. No such reactions were seen. 

The liposome -based test was similar to the alkaline 
phosphatase -based test. As in the alkaline phosphatase assay, 
the secondary (reporter) mAb was conjugated to liposomes that 
contained a bright red to maroon dye. Thus, the appearance of 

15 red on the nitrocellulose was the reporter system and an enzy- 
matic development step is not needed as in the alkaline phospha- 
tase system. Thirteen of 15 infected samples were positive using 
the liposome conjugated 1D11.G10. This assay can also be adapted 
to a strip test where a mAb or polyclonal Ab is absorbed to a NC 

20 strip that overlays an absorbent pad. Then, test plasma, 
antibody conjugated liposomes, and washing solutions are wicked 
upwards by diffusion and a positive test is indicated by a red- 
to-magenta line across the NC strip assay. 

25 EXAMPLE 7: Competitive Diagnostic Test for 

Malaria which Indicates Specific 
Infection with P. vivax 

In a colorimetric immunoassay for PvESP-1 and/or PvESP- 

2, large, unilamellar phospholipid vesicles approximately 0.2 

30 micrometers in diameter are loaded with high concentrations of 
Sulforhodamine B or a similar dye. The PvESP-1 and/or PvESP-2 is 
coupled to phosphatidylethanolamine or another component of the 
lipid vesicle, and incorporated into the lipid formulation, thus 
conferring, immunological specif icity. Methods of formation of 

35 the vesicles, loading the vesicles, and coupling the protein to 
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the phosphatidyl 




nolamine are disclosed irr 



* 



Connell et al . 



{Clin. Chem, 31:1424-1426). The liposomes are then used as 
tracers in simple competitive-binding immunoassays with antibody- 
coated tubes. The results are read spectrophotometrically . 
Specific immunoassay methods are described in 0 # Connell et al . , 
supra, as well as O'Connell, MGandDI, December, 1985, pp. 31-36. 
As this is a competitive assay, the less, signal seen, the more 
PvESP-1 and/or PvESP-2 will be present in the sample. It is 
anticipated that this assay will be selective for P. vivax 
infection, given the selectivity of the antibodies 1D11.G10, 
3D4.A2, and. 1A3.B4 as shown in Example 5. 



